Key indicators: single-crystal X-ray study; T = 296 K; mean (C-C) = 0.003 Å; R factor = 0.030; wR factor = 0.076; data-to-parameter ratio = 20.2.
The title compound, C 25 H 33 BrN 2 O 4 , was synthesized from 9hydroxyparthenolide (9-hydroxy-4,8-dimethyl-12-methylen-3,14-dioxa-tricyclo[9.3.0.0 2,4 ]tetradec-7-en-13-one), which was isolated from the chloroform extract of the aerial parts of Anvillea radiata. The molecule is built up from two fused fiveand ten-membered rings with an additional epoxy ring system and a bromophenylpiperazine group as a substituent. The tenmembered ring adopts an approximate chair-chair-chair conformation, while the piperazine ring displays a chair conformation and the five-membered ring shows an envelope conformation with the C atom closest to the hydroxy group forming the flap. An intramolecular O-HÁ Á ÁN hydrogen bond stabilizes the molecular conformation. The crystal packing features C-HÁ Á ÁO hydrogen bonds, which link the molecules into zigzag chains running along the b-axis direction.
Related literature
For background to the medicinal uses of the plant Anvillea radiata, see: Abdel Sattar et al. (1996); El Hassany et al. (2004) ; Qureshi et al. (1990) . For the reactivity of this sesquiterpene, see: Neukirch et al. (2003) ; Hwang et al. (2006) ; Neelakantan et al. (2009) . For the synthetic procedure, see: Moumou et al. (2010) . For conformational analysis, see: Cremer & Pople (1975) Data collection: APEX2 (Bruker, 2009 ); cell refinement: SAINT (Bruker, 2009 ); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) ; software used to prepare material for publication: PLATON (Spek, 2009 ) and publCIF (Westrip, 2010 ).
Comment
The natural sesquiterpene lactone 9α-hydroxypartenolide is the main constituent of the chloroform extract of the aerial parts of Anvillea radiata (El Hassany et al., 2004) and of Anvillea garcini (Abdel Sattar et al., 1996) . The reactivity of this sesquiterpene lactone and its derivatives has been the subject of several studies (Hwang et al., 2006; Neelakantan et al., 2009; Moumou et al., 2010) , in order to prepare products with a high added value that can be used in the pharmacological industry. In this context, we have treated 9α-hydroxyparthenolide with an equivalent amount of 1-(4bromophenyl)piperazine gives the title compound. The molecule contains a fused ring system and the bromophenylpyperazine group as a substituent to the lactone ring. The molecular structure (Fig. 1) shows the lactone ring to adopt an envelope conformation, as indicated by Cremer & Pople (1975) puckering parameters QT = 0.2525 (19) Å and φ2 = 259.3 (4)°. The ten-membered ring displays an approximate chair-chair-chair conformation, while the pyperazine ring has a perfect chair conformation with QT = 0.586 (2) Å, θ = 177.96 (18) and φ2 = 165 (4)°. In the crystal, C-H···O hydrogen bonding links the molecules to zigzag chains running along the b-axis (Table 1, Fig. 2 ). In addition, an intramolecular O4-H4···N1 hydrogen bond is also observed. Owing to the presence of a Br atom, the absolute configuration could be fully confirmed, by refining the Flack parameter (Flack & Bernardinelli, 2000) as C1(S), C2(R) C3(R), C8(R), C10(S) and C11(R).
Experimental
The mixture of 9?-hydoxypartenolide (9α-hydroxy-4,8-dimethyl-12-methylene-3,14-dioxatricyclo[9.3.0.0 2 , 4 ]tetradec-7en-13-one) (1 g, 3.8 mmol) and one equivalent of 1-(4-bromophenyl-piperazine) in EtOH (20 ml) was stirred for twelve hours at room temperature. Then, the reaction was stopped by adding water (10 ml) and the solution was extracted with chloroform (3 x 20 ml). The combined organic layers were dried over anhydrous MgSO 4 , filtered and concentrated under vacuum to give 1.5 g (3 mmol) of the title compound (yield: 79%). Recrystallization was performed from in ethyl acetate.
Refinement
All H atoms were fixed geometrically and treated as riding with C-H = 0.96 Å (methyl), 0.97 Å (methylene), 0.98 Å (methine) and O-H = 0.82 Å with U iso (H) = 1.2U eq (methylene, methine) or U iso (H) = 1.5U eq (C methyl , O). The torsion angles about the C-C methyl and C-O bonds were refined. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Br1 0.81297 (2) 0.79383 (4) −0.080172 (12) 0.06016 (9) (7) 0.0312 (7) −0.0100 (6) 0.0071 (6) 0.0077 (5) O3 0.0389 (6) 0.0481 (7) 0.0232 (5) −0.0105 (6) 0.0036 (4) 0.0038 (5) O4 0.0341 (7) 0.0539 (8) 0.0390 (7) 0.0043 (6) 0.0129 (6) −0.0079 (6) N1 0.0268 (7) 0.0342 (7) 0.0301 (7) 0.0026 (6) 0.0059 (6) 0.0041 (6) N2 0.0405 (8) 0.0358 (7) 0.0306 (7) 0.0071 (7) 0.0129 (6) 0.0049 (6) C1 0.0287 (7) 0.0316 (7) 0.0241 (7) −0.0003 (7) 0.0043 (5) 0.0015 (7) O2 0.0577 (10) 0.0973 (13) 0.0334 (8) −0.0328 (10) −0.0125 (7) 0.0183 (9) C11 0.0295 (9) 0.0359 (8) 0.0245 (8) −0.0029 (7) 0.0003 (6) 0.0029 (6) C10 0.0262 (8) 0.0286 (7) 0.0227 (7) 0.0038 (6) 0.0043 (6) 0.0011 (5) C2 0.0328 (9) 0.0299 (7) 0.0283 (8) 0.0024 (7) 0.0045 (7) 0.0058 (6) C9 0.0280 (8) 0.0271 (7) 0.0274 (8) 0.0050 (6) 0.0014 (6) 0.0022 (6) C20 0.0325 (9) 0.0395 (9) 0.0281 (9) 0.0016 (7) 0.0033 (7) 0.0017 (7) C15 0.0328 (10) 0.0442 (10) 0.0484 (12) 0.0042 (8) 0.0058 (8) −0.0078 (9) C8 0.0338 (8) 0.0362 (9) 0.0232 (7) 0.0060 (7) 0.0028 (6) 0.0036 (7) C7 0.0332 (9) 0.0361 (8) 0.0252 (8) 0.0059 (7) 0.0015 (7) −0.0057 (6) C14 0.0394 (10) 0.0482 (11) 0.0478 (11) 0.0022 (8) −0.0109 (8) 0.0045 (9) C3 0.0338 (9) 0.0315 (8) 0.0310 (9) −0.0022 (7) 0.0065 (7) 0.0005 (7) C16 0.0476 (11) 0.0376 (9) 0.0346 (9) 0.0001 (7) 0.0158 (8) −0.0007 (7) C17 0.0503 (11) 0.0362 (10) 0.0428 (10) 0.0128 (8) 0.0219 (9) 0.0053 (8) C5 0.0468 (11) 0.0280 (8) 0.0428 (11) 0.0010 (7) −0.0005 (8) −0.0059 (7) C6 0.0372 (9) 0.0337 (8) 0.0321 (9) 0.0074 (7) 0.0035 (7) −0.0058 (7) C13 0.0274 (9) 0.0472 (10) 0.0343 (9) −0.0015 (7) 0.0016 (7) 0.0097 (8) C21 0.0371 (10) 0.0421 (9) 0.0353 (9) 0.0033 (8) 
